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Summary 

The orchid, Gastrodia cunninghamiij lives in association with the fungus, Armillaria 
mellea , itself a parasite on the roots of forest trees. Of the three methods by which 
infection takes place the most important involves penetration of the basal rhizomes 
by fungal rhizomorphs proceeding from within the root of an adjacent tree. Fungal 
cytoplasm released into cells of the digestive layer of the rhizome provides nutriment 
for the orchid which lacks both roots and chlorophyll. 

Introduction 

Gastrodia is a genus of orchids which lack chlorophyll and live in association with 
a mycorrhizic fungus. Three species occur in New Zealand, one of which, Gastrodia 
cunninghamii Hook, f., is the subject of this paper. Kusano made a detailed study of 
the host-fungus relationship in a Japanese species, G. data (Kusano 1911), and 
BurgefF studied species of Gastrodia from Indonesia (Burgeff 1959). Recently 
McLennan reported on the mycorrhizal condition in G. sesamoides as it occurs in 
Australia (McLennan 1959). Hamada also has added to our knowledge by investi¬ 
gating the mycorrhiza of Galeola septentrionalis and making a comparison with 
Gastrodia (Hamada 1939). 

Collection and Treatment of Material 

The bulk of the material was collected in mid-December from the Nothofagus 
forest between Cascade Creek and the southern end of Lake Gunn in Fiordland 
National Park. In this forest Nothofagus menziesii Oerst. is dominant but some 
Nothofagus fusca Oerst. occurs at a distance of 250 m from the lake. 

The floor of the forest is carpeted to a depth of 10-15 cm with green moss, and 
below this is a zone 15-45 cm deep of brown, decaying moss penetrated by large 
roots and more or less horizontal, cavernous spaces left where roots have rotted 
away. Fine roots form an entanglement in the lower part of the brown, mossy layer. 
Below is the stony, gravelly zone of the old morainic deposit, penetrated throughout 
by large roots up to 12 cm in diameter. 

In a few places it was found possible to excavate to sufficient depth to expose 
the complete underground portion of a Gastrodia plant. Often, however, this could 
not be accomplished. Sometimes the flowering stem emerges between the somewhat 
buttressed roots at the base of a tree trunk, in which case any attempt to follow the 
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Fig. 1.—Part of the underground system of a plant of Gastrodia cunninghamii. b. basal rhizome, 
f. base of flowering stem, r. root of Nothofagus , rh. rhizomorph. X 
Fio. 2.—Transverse section of the protective layer of a rhizome showing the first type of 
temporary infection, e. epidermis, s. subep’dermal layer, w. wall thickening. X 350. 

Fig. 3.—Transverse section of the outer part of a young rhizome showing the second type of 
temporary infection, e. epidermis, s. subepidermal layer, o.c. outer cortex, i.c. inner cortex, 

d.l. digestion layer. X 80. 

Fig. 4.—Cell of inner cortex showing hyphal coils and amoeboid nucleus, x 240. 

Fig. 5.—Method of infection of a digestive cell showing the fine, convoluted hypha with its 
expanded tip lying near the enlarged nucleus. X 240. 

Fig. 6.—Cell of the digestive layer showing the extreme deformation of the nucleus, x 180. 
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underground system of the Gastrodia would necessitate removal of the tree itself. 
Always the rhizomes are exceedingly brittle and are interwoven with a mass of roots. 
In the clay soil of the mixed rain forest in South Westland it was found to be even 
more difficult to follow the rhizome system and all attempts failed owing to the 
compact nature of the soil and the interwoven root systems of the trees and shrubs 
belonging to the different strata; but some material was obtained from the eastern 
side of Lake Manapouri where a thin moss and leaf-litter stratum approximately 
10 cm deep overlies clay and where the beech—in this case Nothofagus solandri var. 
cliffortioides (Hook, f.) Poole—has a shallow rooting system. 

Small portions of the rhizomes were killed and fixed in formalin-acetic-alcohol 
immediately following removal from the soil. The material was later dehydrated 
by the tertiary butyl alcohol method (Johansen 1940), embedded in paraffin and 
sectioned on the Cambridge rocker microtome at thicknesses of 7 /a to 20^. For general 
anatomical study greatest contrast in staining was obtained by the use of a com¬ 
bination of safranin and Delafield’s haematoxylin, although Heidenhain’s 
haematoxylin was tried also. Suberization of the cell wall was determined by staining 
with Sudan IV, cellulose by testing with iodine followed by strong sulphuric acid, 
and lignification by the use of phloroglucin and strong hydrochloric acid, aniline 
sulphate, chrysoidin and fast green, crystal violet and erythrosin, and by the Mau.e 
reaction. 




Fio. 7.—Early stage in the development of the intraradicale rhizomor^ha. The rhizome shows 
c. cortex, d. digestive layer, p. protective layer. The rhizomorph shows i.c. inner cortex, m. 

medulla, o.c. outer cortex. X 74. 
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Description of the Plant 

The above-ground portion of Gastrodia cunninghamii Hook. f. consists of an 
erect, mottled-brown, flowering stem up to 2 mm in diameter and 60 cm high. It 
carries sheathing, scale leaves and a raceme of 15-25 whitish flowers. Below ground 
is a system of rhizomes, each one swollen for most of its length but constricted where 
it is attached to a more deeply-placed rhizome (Fig. 1). The rhizomes lack roots 
but bear the tawny, ragged remnants of scale leaves. At the Cascade Creek site the 
deepest rhizomes, which may be termed the basal rhizomes, are 60 cm or more below 
the surface and are always found lying in the gravel zone immediately underneath 
a large, horizontally-growing Nothofagus root of diameter 8-12 cm, but near Lake 
Manapouri they occur at a depth of only 20 cm. In one specimen from Cascade 
Creek 4 flowering stems lying on the circumference of a circle 1.2 m in diameter 
were attached to the one basal rhizome. 

Thick rhizomorphs of the fungus, Armillaria mellea (Fr.) Quel., form a network 
around the basal rhizomes, attaching themselves at intervals, and also penetrate the 
tree root lying immediately above. 

New rhizomes arise laterally on any of the old rhizomes and these may in their 
turn give rise to flowering stems. Old tubers, even those which have borne flowering 
stems, do not decay except when the food source becomes exhausted and then, unless 
a new nutritive supply becomes available, the whole plant dies away. 

Anatomy of the Rhizome 

The rhizome as seen in transverse section shows the following structure. On the 
outside there is a protective region of suberized cells consisting of an epidermis of 
tangentially flattened, pavement-like cells which lose their protoplasts early and a 
subepidermal layer of larger, isodiametric cells with sparse contents (Fig. 3). 
Occasional hairs grow out from the epidermis. The rest of the rhizome when young 
has collateral vascular bundles scattered throughout a parenchymatous ground tissue, 
at first lacking starch and of uniform appearance except at the periphery where 
frequent tangential divisions may produce a layer of flattened cells. In enlarged 
tubers several regions can be distinguished within the protective layer. A cortex 4-11 
cells deep consists of parenchyma containing small starch grains and occasional de¬ 
posits of calcium oxalate in the form of a bundle of raphides. In regard to fungal 
infection it can be differentiated into an outer cortex 2-5 cells wide, in which the 
cells are sometimes tangentially flattened, and an inner cortex 2-6 cells wide, the 
cells gradually increasing in radial diameter inwards. Next is a storage region, some 
14 cells deep, of larger cells which also increase in size inwards and are packed with 
large, compound starch grains. Collateral vascular bundles are scattered throughout 
this region and also throughout the broad central region of large parenchyma cells 
which may lack starch. 


The Fungus 

The fungus involved is Armillaria mellea (Fr.) Quel., well-known throughout 
the world as a destructive parasite of the roots of trees. It is able to persist for some 
time after the death of the host and may even colonize dead timber saprophytically 
(Garrett 1960). Its presence in the forest was proven by the distinctive honey- 
coloured fructifications found at the base of a Nothofagus stump and by the charac¬ 
teristic rhizomorphs described below. 

Armillaria mellea exists in two forms. The first, known as Rhizomorpha subcorti- 
calis , appears as white sheets of mycelium beneath the bark of trees or lining the 
cavities of the moss zone where tree-roots have decayed. The second form, Rhizo¬ 
morpha subterranea , occurs as brown rhizomorphs composed of fungal hyphae aggre¬ 
gated into a cylindrical strand up to 1.5 mm in thickness, which radiate through the 
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soil and possibly infect another root. These have been reported to extend to a distance 
of 22 yards from the original host (Ellis 1929). 

The thicker rhizomorph strands show several regions; an outer cortex of brown, 
thick-walled hyphae which acts as a protective layer and from which fine, colourless, 
peripheral hyphae grow outwards; an inner cortex of broad, thin-walled hyphae 
showing numerous septa; and a broad medulla of fine, hyaline hyphae loosely 
interwoven (Fig. 7). 

The Fungal Infection 

Comparatively few of the rhizomes have fungal hyphae within them and even 
in these their presence tends to be localised. 

There were found to be three methods by which infection takes place. Two 
methods have been classed as temporary infections since they are seasonal in occur¬ 
rence and of limited extent. The third method, on the other hand, has been called a 
permanent infection since, although its activity is seasonal, once established it persists 
until the death of the plant. 

The first type of temporary infection is confined to the protective region on the 
surface of the tuber. Mycelial strands, 3 to 12 cells in width, composed of rather 
thick hyphae lie in the axils of the scale leaves and slender, peripheral hyphae 
arising from these invade the outermost cells as single strands. An open network of 
septate, filamentous hyphae forms within the host cell which reacts by depositing 
additional material on the radial and the inner tangential walls (Fig. 2). The 
protoplast of the host cell disappears and the cell cavity is occupied by brown and 
somewhat thick-walled fungal hyphae which remain in an apparently dormant 
condition. At times some of the hyphal segments round off and have the appearance 
of thick-walled, brown chlamydospores. 

Sometimes the infection is arrested at this stage. Sometimes hyphae penetrate 
laterally into an adjacent cell. More frequently hyphae penetrate into a subepidermal 
cell. Usually the subepidermal cell obtains nutriment from the fungus in the manner 
described below, but occasionally the fungus destroys the protoplast, forms an open 
network, and then passes on to a deeper cell where it yields up its content. In the 
usual course of events one or several hyphae penetrate the outer wall of the 
subepidermal cell which becomes much thickened on its inner face. Starch disappears 
from the cell. The hyphal tips grow towards the nucleus and curve round it like 
tentacles, while the nucleus itself becomes very granular with a conspicuous nucleolus 
and increases to three times its original diameter without becoming deformed 
(Fig. 2). The hyphal tips enlarge and then break down releasing fungal protoplasm 
which is rapidly absorbed except for a small amount of rejected material which 
remains in the form of minute granules staining darkly with haematoxylin in the 
augmented cytoplasm of the host cell. Wall material composed basically of cellulose 
is laid down as a sheath around the hypha where it entered the cell and, as successive 
layers are deposited, there arises a finger-like outgrowth, often lamellated, and some¬ 
times extending the whole width of the cell. These so-called rohrentupfel have a 
surface coating of suberin and usually show a narrow axial canal where the hypha 
passed. They differ from the hyphal sheaths which occur in the inner cortex and 
digestive layer in the types of infection described later, for these lack suberin and 
often become strongly lignified. 

In the second type of temporary infection thick hyphae of the mycelial strand 
penetrate the epidermal cells and pass through into deeper cells where they form tight 
coils almost completely filling the cells. The infection may be halted in the 
subepidermal layer in which case thickening is deposited on the inner tangential 
and the radial walls and as a sheath around the hyphae at their point of entry and 
sometimes on hyphae within the cell. Usually the hyphae penetrate more deeply, up 
to a depth of 8 cells from the surface. Once they reach the cortex they spread 
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laterally, extending for varying distances up to one-half of the circumference of 
slender tubers, depending on the virility of the infection as compared with that 
of the host plant. 

Three regions of the host plant can be distinguished in each of which the course 
of the infection is different. These are the outer cortex, the inner cortex and the 
outermost part of the storage zone (Fig. 3). 

The inner cortex is the region in which tangential spread of the fungus occurs. 
Sometimes there can be distinguished an inner zone of rapid tangential spread from 
which branches arise and spread more slowly in an outer zone. Within each cell 
a tight coil of hyphae develops. The starch grains disappear from the cell on entry 
of the fungus leaving vacuoles in the cytoplasm. The nucleus becomes very granular 
and enlarges to a lobed, amoeboid form (Fig. 4), then gradually shrinks and fades 
away. Later the cytoplasm disappears also. The central hyphae persist as thick- 
walled hyphae and function in translocation between the external hyphae in the 
soil and the advancing tips within the plant, but peripheral hyphae of the clump 
eventually collapse and disappear. Alteration occurs in the walls of the cells, which 
become slightly thicker and give characteristic lignin reactions with all the stains 
used except with the Maule reaction, when the colour, as in the xylem of the 
bundles, is a brownish-yellow similar to that produced by gymnosperm lignin and 
not the red usually given by angiosperms. Some of the hyphae are ensheathed 
at the point of penetration of the wall and occasionally their sheaths are lignified 
in the same manner as the wall itself. 

The outer cortex usually remains free of infection for a considerable period. 
Sometimes hyphae spreading outwards from the inner cortex form coils within the 
cells which persist for a time until in the end the nucleus and cytoplasm disappear. 
Eventually all the cells of the region become occupied by hyphae which destroy the 
remaining protoplasts and fill the cell cavities with a brown, thick-walled, pseudo- 
parenchymatous tissue, corresponding in appearance to the outer cortical tissue of 
the rhizomorph and no doubt performing a similar protective function within the 
tuber. Affected areas are recognisable externally by a local darkening of the tuber. 

The outermost cells of the storage zone function as a digestive region. Changes 
occur even before infection as evidenced by the enlargement of the cells in a radial 
direction. Infection always takes place by one or a few fine hyphae growing radially 
inwards from the cortical layer, never laterally from cell to cell. These take on a 
slender, spiral form as they pass through the cytoplasm to the vicinity of the nucleus 
(Fig. 5). Much of the starch disappears, especially on the side furthest from the 
hyphae, and is apparently utilised by the nucleus or by the cytoplasm. The nucleus 
enlarges to a lobed structure up to four times its original diameter and becomes very 
granular—an indication that it is in a highly metabolic state. It then undergoes a 
characteristic deformation by becoming deeply constricted into two or three spherical 
portions which move apart but still remain connected together by attenuated, 
isthmus-like regions (Fig. 6). The nucleolus at first enlarges to eight times its original 
diameter so becoming very conspicuous, and then fragments into several small 
nucleoli. Once an entering hypha reaches the vicinity of the nucleus, its tip swells 
and becomes deeply staining as protoplasm and reserve food accumulate within it 
(Fig. 5, 6). Then it undergoes plasmoptysis; the hyphal tip bursts and the hyphal 
contents are ejected as a cloud into the host cell. Some of the material rounds off 
as free fungal bodies (ptyosomes) which are digested immediately, some becomes 
surrounded by a membrane and constitutes a vesicle which is digested later, and part 
is rejected and remains in the protoplasm of the host cell as small, spherical 
excretory bodies. The hypha itself disappears, but a basal, lignified sheath is often 
present and persists as a papillose projection into the cell. The adjoining portion 
of the cell wall, and eventually the whole of the penetrated wall, becomes lignified 
also, but the composition of the other walls of the digestive cell is not altered. The 
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protoplast of the host cell persists, now containing the excretory bodies as an indica¬ 
tion that digestion has occurred. 

The third type of infection is the one of greatest importance in supplying 
nutriment to the mature Gastrodia plant. It occurs in the basal rhizomes which lie 
close underneath a large root at some depth in the soil. Large rhizomorphs emerging 
from the root above form a network over the surface of the tuber and also penetrate 
into the cortex and outer part of the storage zone, where they construct what 
Hamada has called in Galeola “ intraradicale Rhizomorpha ” (Hamada 1939) by 
growing through the tissue mainly in a length-wise direction parallel to the surface 
of the rhizome, destroying by their passage the cells in their immediate path (Fig. 7). 
Only the inner cortical and medullary hyphae of the external strand make up most 
of the length of the intraradicale Rhizomorpha; the brown, cortical hyphae at first 
penetrate no further than three cells from the surface and spread laterally into the cell 
cavities to a distance of only some ten cells from this point, destroying the protoplasts 
and filling the cells with a brown, pseudoparenchymatous tissue. Strands of wide 
cortical hyphae and slender medullary hyphae radiating from the intraradicale 
Rhizomorpha travel laterally through the inner cortex of the host plant advancing 
most rapidly in the innermost zone of cells. The wide hyphae form a coiled mass 
within each cell as they proceed and the slender storage hyphae grow around and 
amongst them. Starch disappears from the cells; the nucleus assumes an enlarged, 
lobed form and then becomes evanescent and disappears, followed gradually by the 
cytoplasm; the slender hyphae break down but the thick hyphae remain as trans¬ 
porting hyphae and these may be ensheathed at their point of penetrat : on of the 
wall. A few of the sheaths and all of the cell-walls in the region become lignified. 

The outer cortex of the rhizome remains free of infection for a considerable time 
but in the end penetrating hyphae travelling either radially outwards or tangentially 
may destroy the protoplasts and replace them with a thick-walled, brown pseudo¬ 
parenchyma. So altered, the outer cortex reinforces the still intact, surface layers 
of the tuber in the protection of both the intraradicale Rhizomorpha and the 
extended hyphal strands. 

Outer cells of the storage region constitute a digestive layer. These are infected 
radially from the cortical region by slender hyphae which take a convoluted path 
towards the nucleus. The rupture of the hyphal tips and digestion of fungal material 
take place as in the temporary infection described above. As before the cells remain 
alive and may again store starch. 


Discussion 

The mycorrhizal condition of Gastrodia cunninghamii corresponds in some 
respects with that of G. elata which has been fully described by Kusano (Kusano 
1911), for in both cases the rhizomes are infected by Armillaria mellea. In 
G. sesamoides also it is the rhizome which becomes infected by a fungus (McLennan 
1959). But in two other species of Gastrodia , namely G. callosa and G. javanica , the 
root forms the mycorrhizal association (Burgeff 1959), although the method by 
which the orchid obtains food from the fungus is the same as in the rhizome-infected 
ones. The situation in G. cunninghamii , however, is more complicated than in any 
of the others because of the fact that the infection may take one of three forms. 

The first type of temporary infection in G. cunninghamii is of limited importance 
in the adult plant. The second type shows some similarity with that described for 
G. sesamoides (McLennan 1959) but in G. cunninghamii it also is of limited 
importance. The permanent infection on the other hand is without doubt of the 
greatest importance in supplying nutriment to the Gastrodia plant. The rhizomorph 
obtains food in the first instance by its parasitic action on the roots of the Nothofagus 
(or other) tree and some of this becomes available to the Gastrodia plant as a result 
of the digestion processes within its basal rhizomes. Only when the permanent system 
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is established has the Gastrodia sufficient nutriment to enable flowering to take place. 
This type of permanent infection is paralleled by the permanent infection recorded 
for Galeola septentrionalis (Hamada 1939) ; but in this Galeola species it is the 
orchid root which is penetrated by fungal rhizomorphs of Armillaria and the 
digestion process involves hyphal coils and not ejected fungal cytoplasm. 
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